Introduction
The use of herbs to treat infertility has a long history in traditional medicine. Certain plants stimulate spermatogenesis and increase fertility and others reduce or arrest spermatogenesis. 1 Ceratonia siliqua is a member of the Fabaceae family, which does not yield any fruit in the first 15 years of its life. 2 Its brownish colored fruit has a very sweet taste and contains about 14 very hard lenses. This plant grows in certain Asian countries, including China, Malaysia, Turkey, and Iran. It contains 40 percent of carbohydrate, 1 percent of fat, and 4 percent of protein, and comprises high fiber, vitamins E, D, C, B6, niacin, folic acid, polyphenol, and minerals such as potassium, sodium, calcium, iron, and phosphorus. Studies show that carob improved blood pressure, diabetes, 3 and constipation. 2 In addition, it has anti-cancer, 4 anti-dyspnea and asthma, 2 antibacterial, 5 and strong antioxidant properties. 6 Studies showed that the addition of 10 and 20 percent carob powder to the diet improved the lipid parameters and histopathology of the heart, liver, and kidney. 7 Rtibi et al. reported the protective effect of the carob carob plant on the stomach of oxidative stressinduced ethanol rats. 8 Other studies have reported the strong antioxidant as well as cytotoxicity properties of carob extract 6 and reduced DNA damage by cancer cells. 4 Carob administration improved colon histopathology, reduced levels of malondialdehyde, and increased levels of antioxidant enzymes in the ulcerative colitis mice model. 9 In addition, anti-inflammatory 10 and neurotoxic 11 properties have been reported for carob. Considering the fact that the plant has shown a positive effect on male fertility in some Iranian cities as well as with the search we conducted, there has not been any research on the effects of the carob fruit on sperm quality and testicular apoptosis. Therefore, the present study aimed to investigate the effects of different doses of the fruit extract
A B S T R A C T
Background: Certain herbs instigate spermatogenesis; in contrast, some herbs arrest the spermatogenesis cycle. Ceratonia siliqua (carob) is a plant with a strong antioxidant property. The aim of this study was to evaluate the effects of carob fruit extract on spermatogenesis, testicular apoptosis, and oxidative stress in adult male mice. Methods: Forty adult male mice were randomly divided into five groups: control, sham, and carob 1-3. The sham group was injected with normal saline and the carob 1-3 groups were injected with 200, 400, and 800 mg/kg of the carob fruit extract intraperitoneally for 14 days, respectively. At the end of the injection period, spermatogenesis, testicular apoptosis, and oxidative stress were examined.
Results:
The sperm parameters increased in the mice that received 200 mg/kg of carob compared to the sham group (p<0.05). There was a significant increase in the weight index of the epididymis in the carob 3 group in comparison to the sham group (p=0.01). The number of positive tunnel cells was not statistically significant between different groups (p>0.05). The level of malondialdehyde decreased in the carob 1 and carob 3 groups, but this reduction was not statistically significant (p>0.05). In addition, the statistical analysis showed a significant difference in the mean superoxide dismutase levels in the carob 2 and carob 3 groups in comparison to the sham group (p<0.001). The statistical analysis showed a significant increase in the mean level of the catalase enzyme in the carob 1 group in comparison to the sham (p=0.02), and carob 2 groups (p=0.008).
Conclusion:
The administration of 200 mg of the carob fruit extract for 14 days increased the testicular index as well as sperm parameters and decreased the level of oxidative stress in the testicular tissue of adult mice. on spermatogenesis, testicular apoptosis, and oxidative stress in adult male mice.
A r t i c l e I n f o

Materials and Methods
Animal and ethical issues
After the approval of the Ethics Committee of the Mashhad University of Medical Sciences (code: IR.MUMS.fm.REC.1396.466), 40 adult male BALB/c mice were purchased from an animal house and kept in standard conditions. The mice were randomly divided into five groups (control, sham, and carob 1-3). The control group received no injections. The sham group received normal saline intraperitoneally. The carob 1-3 groups intraperitoneally received 200 mg/kg, 400 mg/kg, and 800 mg/kg of carob for 14 days. 12 Then, the amount of testicular apoptosis, sperm analysis, oxidative stress, and weight organ indexes were evaluated on Day 35 of the experiment.
Evaluation of sperm parameters
After 35 days, the epididymides were placed in normal saline and placed on a CO2 incubator for 30 minutes. Then, the sperm parameters were examined according to the WHO guidelines.
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Testicular apoptosis
After the routine histology passage and testicular tissue cutting, the apoptotic cells of the testis were examined by the Roch Tetal Kit (CAT number: 5301584). The average of the spermatogonial cells, primary spermatocytes, and spermatids in the surface unit were calculated as follows: 14, 15 
In this formula, NA represents the number of cells per surface unit, QΣ represents the total number of counted cells, a/f represents the surface area of each counting frame, and ΣP represents the total number of counted frames.
Measurement of thiol and malondialdehyde Levels
To measure the thiol level, a di-nitrobenzoic acid reagent was used and absorption at 412 nm was investigated by using a spectrophotometer. 12 To measure the level of malondialdehyde, the homogenous tissue of the testis was mixed with chlorideric acid and placed in a water bath. After cooling, centrifugation, and absorption at 535 nm, the level was read by the spectrophotometer.
12
Measurement of the level of catalase and superoxide dismutase enzymes According to the previous study, the level of catalase and superoxide dismutase enzyme was evaluated.
Calculation of weight index
The following formula was used to detect the weight index of the organs: Eq. (2) Statistical analysis Data were expressed as percentages and mean ± standard deviation. The SPSS software, ANOVA test, and Tukey post-test were used for data analysis. Table 1 shows the average sperm count (million per ml). A significant increase was observed in the sperm counts in the carob 1 group in comparison to the sham group (p=0.03), carob 2 group (p=0.01) and carob 3 group (p=0.01). Statistical analysis showed a significant increase in the normal morphology rate of sperm in the carob1 group in comparison to the sham group (p=0.049). 
Results
Sperm parameters
Testicular apoptosis
The number of positive tunnel cells was not statistically significant between different groups (p >0.05). The lowest value of positive tunnel cells was observed in the control group and the highest number of positive tunnel cells was observed in the carob 2 group (Figure 1 and 2) .
Testicular histopathology
The histology of seminiferous tubules was normal in the sham group. Histological examination of the carob treated mice was normal and there was not any reduction in the thickness of germinal epithelium, congestion and edema in seminiferous tubules (Figure 3 ). Figure 4 shows the levels of thiol and malondialdehyde in the testicular tissue of different groups. The statistical test showed a significant decrease between the mean thiol level in the carob 3 group in comparison to the sham group (p = 0.02). The level of malondialdehyde decreased in the carob 1 and carob 3 groups, but this reduction was not statistically significant (p > 0.05). Table 2 shows the amount of superoxide dismutase and catalase enzymes in different groups in unit/gram. The statistical analysis showed a significant difference in the mean superoxide dismutase levels in the carob 2 and carob 3 groups in comparison to the sham group (p > 0.001). Furthermore, there was a significant increase in the mean level of the superoxide dismutase enzyme between the carob 1 group in comparison to the carob 2 group (p < 0.001), and the carob 3 group (p > 0.001). The statistical analysis showed a significant increase in the mean level of the catalase enzyme in the carob 1 group in comparison to the sham (p = 0.02), and carob 2 groups (p = 0.008).
Thiol and malondialdehyde levels
Superoxide dismutase and catalase levels
Weight index of reproductive organs
The results of the weight index of the reproductive organs are summarized in Table 3 . Their results showed that the carob extract increased the testosterone, dihydrotestosterone, and LH levels in the groups receiving a dose of 150-300 mg/kg of carob, but the FSH level was not significantly different. 16 In the present study, the administration of a 200 mg/kg carob increased the number and the percentage of normal sperm morphology, thus indicating that the antioxidant dosage and treatment duration were very important. 17 Other researchers reported that carob caused apoptosis and the activation of caspase 3 within 24 hours after use in a culture of cancer cells. 18 The results of the present study also showed that carob-induced apoptosis in a testicular tissue, although it was not statistically significant. Rtibi et al. studied the protective effect of carob on the stomach of oxidative stress-induced ethanol rats. They concluded that the carob extract had protective effects on the gastric mucosal tissue and improved the antioxidant activity of the catalase, glutathione peroxidase, and superoxide dismutase enzymes. 8 The researchers reported that administration with carob improved colon histopathology and reduced the levels of malondialdehyde as well as increased the levels of glutathione peroxidase, superoxide dismutase, and catalase in ulcerative colitis models. 9 Ahmed studied the protective effects of 100 and 200 mg/kg carob on the kidneys of mice treated with cisplatin, an anticancer drug. Their results showed that the administration of carob increased the level of antioxidant enzymes, such as superoxide dismutase, catalase, and glutathione peroxidase. 19 In a study by Suzeh et al., the protective effects of carob extract on the livers and kidneys of rats treated with carbon tetrachloride (CCl4) were investigated. Based on the results of this study, carob powder can be used as an antioxidant to reduce MDA and inhibit CCl4 production as well as reduce free radicals. 20 In line with these studies, in the present study, the extract of the carob fruit in a specific dose (200 mg/kg) increased the levels of catalase and superoxide dismutase enzymes. The testicular tissue changes in healthy mice are physiologic but not pathologic. However, in present study, oxidative stress, testicular dysfunction and apoptosis in testicular tissues of healthy animals were not significant. Only in the thiol and superoxide dismutase evels in the Carob 3 group there was a significant difference with the sham group. This suggests that the dose and duration of use are important in the antioxidant administration and antioxidants are a double-edged sword. The administration of inappropriate dose or unsuitable treatment time even leads to reversible effects. In our previous study 12 the toxicity model of testis was induced with busulfan in mice and obvious testicular tissue dysfunction and change can be seen. In healthy mice the changes in oxidative stress and testicular dysfunction was not major. The purpose of this study was to evaluate the positive or negative effects of different doses of the carob extract in healthy mice. At the same time, histopathology of the liver and kidneys of the rats as well as the level of liver enzymes and urea and creatinine were also investigated (data are not shown). No liver and kidney toxicity was observed for carob extract. Carob extract contains vitamins E, D, C, B6, niacin, folic acid, polyphenol, and minerals such as potassium, sodium, calcium, iron, and phosphorus. Studies show that carob has strong antioxidant property. 6 It seems that carob has an effect on malondialdehyde levels and the body's antioxidant system, which leads to changes in the level of oxidative stress. It seems that the mechanism of possible effect of carob fruit extract on testicular apoptosis through effect on genes involved in apoptosis. In addition, its effect on malondialdehyde levels and the body's antioxidant system leads to changes in the level of oxidative stress. In this study, it was better to investigate the expression of the apoptosis genes, which is recommended for future studies. In addition, the effects of other parts of the plant, such as leaves and shells, and the effects of its alcoholic extract are recommended.
Conclusion
The administration of 200 mg of the carob fruit extract for 14 days increased the testicular index as well as sperm parameters and decreased the level of oxidative stress in the testicular tissue of adult mice.
